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Abstract Large (24–34 mm) and wide (C35 mm) aortic
necks are a contraindication to endovascular aneurysm
repair (EVAR). A 63-year-old man, unfit for conventional
surgery, presented a 79 mm abdominal aortic aneurysm
with 36.5 mm aortic neck and a 62 mm right common iliac
artery aneurysm. He was treated endovascularly with
standard commercially available stent-graft using the so-
called ‘funnel technique’; by placing a thoracic stent-graft
inside a bifurcated device to achieve proximal sealing. The
completion angiography and the 6 months follow-up with
computed tomography showed no stent-graft migration,
limb occlusion or endoleak. The literature review reported
179 cases of large aortic neck managed with EVAR, all
cases treated with standard devices. Conversely a wide
aortic neck was reported in 9; in 2 cases were employed
custom-made devices and in 7 standard stent-graft. The use
of EVAR with commercially available stent-grafts is fea-
sible and it represents an option especially in non-elective
setting.
Keywords Funnel technique  Large neck  Endoleak 
Complications  Migration
Introduction
Endovascular aneurysm repair (EVAR) is the first line
approach in abdominal aortic aneurysm (AAA) repair.
When compared to conventional open repair, EVAR is a
less invasive procedure with a lower perioperative mor-
bidity and mortality rates [1]. Unfavorable anatomy is still
one of the EVAR major limitations and adverse proximal
neck morphology exclude up to 50 % of patients [2]. Large
proximal neck diameter represents an uncommon finding
and represents an EVAR anatomic contraindication [3–5].
Herein we report a case of EVAR using the so-called
‘funnel technique’ in a patient presenting an AAA with
wide neck diameter. A review of the current literature is
also reported.
Case report
A 63-year-old Caucasian male with medical history of
hypertension, chronic heart failure, coronary artery bypass
graft, ascending aorta and aortic valve replacement with
composite graft, chronic obstructive pulmonary disease and
morbid obesity (37.5 body mass index) was admitted at our
institution. The preoperative computed tomography (CT)
scan revealed a complex aorto-iliac aneurysm (Fig. 1).
Anatomic measurements, performed with the OsiriX soft-
ware (OsiriX Foundation, Geneva, Switzerland), showed a
79 mm abdominal aortic aneurysm (AAA) and a 62 mm
right common iliac artery (CIA) aneurysm. A highly tor-
tuous right and left iliac axis were also evident. Adequate
landing zones were identified proximally in the aorta below
renal arteries. Distal landing zones were in correspondence
of the CIA for the left side and in the external iliac artery
(EIA) for the right side. Proximal aortic neck was 36.5 mm
in diameter and 29 mm in length; distal left CIA neck was
22 mm in diameter; and distal right EIA was 13 mm. The
distance from the aorta, at the lowest (left) renal artery, to
the aortic bifurcation was 166 mm; beyond the right EIA
diameter was 285 and 220 mm in length to the left iliac
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bifurcation (Fig. 2a). The preopertaive American Society
of Anesthesiologists score was 4. Due to high surgical risk,
the informed consent was obtained for the procedure and
the patient was scheduled for EVAR.
After bilateral femoral arteries surgical exposure, the
right internal iliac artery (IIA) was embolized using a
18 9 40 Concerto Helix coil (ev3, Plymouth, MN)
(Fig. 2b). According to the AAA measurements and
Fig. 1 Computed tomography
3D volume rendering showing
complex aorto-iliac aneurysm.
a Anterior view. b Lateral view
Fig. 2 Schematic drawings
aorto-iliac measurements and
stent-graft implantation steps.
a Preoperative planning
measurements. b Right internal
iliac artery embolization.
c Deployment of
36 9 16 9 166 mm Endurant
II (Medtronic, Santa Rosa, CA)
bifurcated stent-graft. d Right
extension with (Medtronic)
16 9 16 9 93 mm branch.
e Contralateral Endurant II
16 9 16 9 93 mm branch
(Medtronic) deployment.
f Proximal extension with
40 9 40 9 100 mm thoracic
Valiant (Medtronic) stent-graft
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characteristics, a 36 9 16 9 166 mm Endurant II bifur-
cated stent-graft (Medtronic, Santa Rosa, CA) was intro-
duced from the right femoral access and deployed 6-cm
below the lower renal artery (Fig. 2c) under controlled
systolic blood pressure (\120 mmHg). In this way, the
distal right leg of the stent-graft main body deployed in
correspondence of the origin of the EIA providing adequate
main body fixation. At this level the contralateral gate
deployed into the aneurysm sac where the AAA transverse
maximal diameter was 57 mm. Immediately after the main
body deployment, the right leg was extended up to the EIA
with an Endurant II 16 9 16 9 93 mm branch (Med-
tronic), to support the main body stent-graft structure
(Fig. 2d). The contralateral gate was cannulated from the
left femoral access and a 16 9 24 9 93 mm Endurant II
(Medtronic) contralateral limb was deployed to cover up to
the left CIA (Fig. 2e).
Subsequently, a 40 9 40 9 100 mm thoracic Valiant
(Medtronic) stent-graft was introduced from the left access
and deployed below the left renal artery. This thoracic
stent-graft achieved a[25-mm proximal sealing in corre-
spondence of the aortic neck and a[35-mm distal sealing
into the bifurcated stent-graft (Fig. 2f). Stent-graft junction
points and sealing zones were ballooned with Reliant bal-
loon (Medtronic).
The completion angiography revealed the complete
AAA exclusion without any type of endoleak (Fig. 3). At
6 months follow-up, no stent-graft migration, limb occlu-
sion or endoleak were registered (Fig. 4).
Discussion
Limited literature data are available for large aortic necks,
with no distinction from large to extra large diameter. A
diameter neck from 24 to 34 mm is generally considered as
‘large neck’, but can be feasible inside the EVAR
instruction for use (IFU). Neck diameter [35 mm (wide
neck) is outside standard EVAR IFU. The EVAR
Anatomical Factor Severity Score, an aortic neck diameter,
assigns a score of 3 points to diameters[28 mm due to the
high risk of endoleaks and/or stent-graft migration [6]. In
fact, the largest commercially available standard devices
for large neck treatment are 36 mm to treat aortic neck up
to 32 mm. The literature review showed that large AAA
neck was considered for diameters ranging from 24 to
34 mm while wide AAA necks for diameter C35 mm. Five
papers report on 179 patients presenting large AAA neck
aneurysm that were treated by commercially available
stent-graft inside EVAR IFU. In these group of patients the
type I endoleak incidence was reported in 8.9 % of cases
and aortic stent-graft migration in 3.9 %. Early reinter-
ventions related to endoleaks or migration issues were
reported in 6.7 % of cases (Table 1) [7–11]. As expected
all these findings compare unfavorably to AAA presenting
conventional neck diameter.
Even more controversies exist with wide AAA necks
(C35 mm) treatment; in those cases, EVAR experience
with standard stent-grafts is limited and, when technically
feasible, outside the EVAR IFU.
Fig. 3 Intraoperative completion subtraction angiography showing
AAA exclusion and absence of any leakage
Fig. 4 Computed tomography 3D volume rendering, at 6-months
follow-up, showing no stent-graft migration, limb occlusion or
endoleak
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Grey et al. reported a 85 mm ruptured AAA, unfit for
open surgery, with a 35 9 40 mm proximal aortic neck.
This patient was treated with standard EVAR stent-grafts
by deploying a 32–18–170 mm Talent bifurcated device
(Medtronic, Santa Rosa, CA) in the lower part of the
aneurysm; subsequently a 42–42–110 mm Talent thoracic
tube graft (Medtronic, Santa Rosa, CA) was then deployed
within the bifurcated device to create a proximal seal. After
6 days, the CTA revealed a type I endoleak, that solved
spontaneously on 4th month follow-up CTA [12].
Ronsivalle et al. presented 4 cases treated by the same
principle denominating the ‘funnel technique’ due to the
presence of wide AAA neck. In these patients the mean
proximal neck diameter was 38 (range 35–43) mm and the
deployment of bifurcated stent-graft distally to the renal
arteries preceded the proximal tube stent-graft deployment.
In two cases the tube stent-grafts employed were custom
made E-Vita (Jotec GmbH, Hechingen, Germany) thoracic
stent-grafts; in other two cases a standard Talent thoracic
stent-grafts (Medtronic, Santa Rosa, CA) was employed.
At mean follow-up of 2 years no endoleaks or stent-graft
migration were registered [2].
Jim et al. recently reported the use of Zenith TX2 (Cook
Medical Incorporated, Bloomington, IN, USA) thoracic
stent-graft for EVAR proximal sealing in 4 cases. Mean
proximal neck diameter was 36 mm (range 35–37 mm).
The reported technical success was 100 %. At 3 months
follow-up, there was one (25 %) aneurysm-related death.
The remaining three patients are alive at a mean of 25.7
(range 18–30) months follow up [13].
Surprisingly, the group of patients with large AAA neck
presented a significant higher incidence of migrations (8.9
vs 0 %; P\ 0.001) and reinterventions (6.7 vs 0 %;
P = 0.03) when compared to patients with wide AAA
neck. Although conclusions cannot be withdrawn due to
the limited number of patients and follow-up, this finding
seems related to a lower efficacy of standard EVAR for
large AAA neck when compared to the funnel technique in
wide AAA neck.
Using the funnel technique, more valuable deployment
options consist of cannulation of the contralateral leg
before the complete deployment of the main aortic stent-
graft or alternatively the main body stent-graft deployment
from the contralateral leg. These tools are employed to
stabilize the main aortic stent-graft and reduce the risk of
migration during the procedure. In our case these options
were not used due to the highly tortuous left iliac artery
suggesting for a higher risk during the main body
implantation from the left access or eventually a difficult
contralateral left gate cannulation. Moreover the deploy-
ment of the right leg of the main body in correspondence of
the origin of the right EIA was adequate and supportive
until the right iliac extension.
In our experience, only commercially available stent-
grafts were employed to treat a complex aorto-iliac
abdominal aneurysm presenting a wide neck of 36.5 mm.
The reported patient was considered unfit for conventional
surgery and thus a combination of commercially available
stent-graft was employed outside IFU. Different papers
have been reported for the Endurant II (Medtronic) use
outside the IFU with regard to AAA neck length [14] but
few reports exist on the use in wide AAA diameter. This
tool combines commercially available stent-grafts and
represent an option in cases unfit for conventional surgery
especially in non-elective setting.
Conclusion
The lack of commercially available stent-grafts for wide
AAA necks ([32 mm) represents an issue. The use of
thoracic stent-grafts for EVAR in funnel configuration is a
feasible tool in such condition. Custom devices can be
employed in elective setting but time and cost efficiency
are a limitation. This tool should be recognized in vascular
surgeon armamentarium to treat patients with wide AAA
neck especially in non-elective setting.
Compliance with ethical standards
Conflict of interest Felice Pecoraro and other co-authors have no
conflict of interest.
References
1. Paravastu SC, Jayarajasingam R, Cottam R, Palfreyman SJ,
Michaels JA, Thomas SM. Endovascular repair of abdominal
aortic aneurysm. Cochrane Database Syst Rev.
2014;1:CD004178. doi:10.1002/14651858.CD004178.pub2.
2. Ronsivalle S, Faresin F, Franz F, Rettore C, Zanchetta M, Zonta
L. Funnel technique for EVAR: ‘‘a way out’’ for abdominal aortic
aneurysms with ectatic proximal necks. Ann Vasc Surg.
2012;26(1):141–8. doi:10.1016/j.avsg.2011.03.019.
3. Brossier J, Coscas R, Capdevila C, Kitzis M, Coggia M, Goeau-
Brissonniere O. Anatomic feasibility of endovascular treatment
of abdominal aortic aneurysms in emergency in the era of the
chimney technique: impact on an emergency endovascular kit.
Ann Vasc Surg. 2013;27(7):844–50. doi:10.1016/j.avsg.2012.05.
035.
4. Zayed HA, Bell RE, Clough RE, Thomas S, Sabharwal T, Reidy
JF, et al. Results of endovascular repair of abdominal aortic
aneurysms with an unfavorable proximal neck using large stent-
grafts. Cardiovasc Intervent Radiol. 2009;32(6):1161–4. doi:10.
1007/s00270-009-9557-z.
5. Bastos Goncalves F, Hoeks SE, Teijink JA, Moll FL, Castro JA,
Stolker RJ, et al. Risk factors for proximal neck complications
after endovascular aneurysm repair using the endurant stentgraft.
Eur J Vasc Endovasc Surg. 2015;49(2):156–62. doi:10.1016/j.
ejvs.2014.10.003.
6. Walker TG, Kalva SP, Yeddula K, Wicky S, Kundu S, Drescher
P, et al. Clinical practice guidelines for endovascular abdominal
Gen Thorac Cardiovasc Surg (2017) 65:219–224 223
123
Author's personal copy
aortic aneurysm repair: written by the Standards of Practice
Committee for the Society of Interventional Radiology and
endorsed by the Cardiovascular and Interventional Radiological
Society of Europe and the Canadian Interventional Radiology
Association. J Vasc Interv Radiol JVIR. 2010;21(11):1632–55.
doi:10.1016/j.jvir.2010.07.008.
7. Ingle H, Fishwick G, Thompson MM, Bell PR. Endovascular
repair of wide neck AAA-preliminary report on feasibility and
complications. Eur J Vasc Endovasc Surg. 2002;24(2):123–7.
8. Jordan WD Jr, Moore WM Jr, Melton JG, Brown OW, Carpenter
JP, Endologix I. Secure fixation following EVAR with the
Powerlink XL System in wide aortic necks: results of a
prospective, multicenter trial. J Vasc Surg. 2009;50(5):979–86.
doi:10.1016/j.jvs.2009.05.057.
9. Saha P, Hughes J, Patel AS, Donati T, Sallam M, Patel SD, et al.
Medium-term outcomes following endovascular repair of infra-
renal abdominal aortic aneurysms with an unfavourable proximal
neck. Cardiovasc Intervent Radiol. 2014;38(4):840–5. doi:10.
1007/s00270-014-1038-3.
10. Lee JT, Lee J, Aziz I, Donayre CE, Walot I, Kopchok GE, et al.
Stent-graft migration following endovascular repair of aneurysms
with large proximal necks: anatomical risk factors and long-term
sequelae. J Endovasc Therapy. 2002;9(5):652–64. doi:10.1583/
1545-1550(2002) 009\0652:SGMFER[2.0.CO;2.
11. Perdikides T, Melas N, Lagios K, Saratzis A, Siafakas A,
Bountouris I, et al. Primary endoanchoring in the endovascular
repair of abdominal aortic aneurysms with an unfavorable neck.
J Endovasc Ther. 2012;19(6):707–15. doi:10.1583/JEVT-12-
4008R.1.
12. Grey BR, Butterfield JS, Nasim A. Successful endovascular
repair of a ruptured abdominal aortic aneurysm in a patient with
unfavorable anatomy. J Vasc Surg. 2006;43(4):831–3. doi:10.
1016/j.jvs.2005.12.055.
13. Jim J, Fajardo A, Geraghty PJ, Sanchez LA. Use of Zenith TX2
endografts in endovascular abdominal aortic aneurysm repair for
large-diameter aortic necks. Vascular. 2012;20(2):113–7. doi:10.
1258/vasc.2011.cr0289.
14. Rancic Z, Pecoraro F, Pfammatter T, Banzic I, Klein H, Kyri-
akidis K, et al. The use of Endurant stent-graft for abdominal
aortic aneurysm: the story about extension of instruction for use
with persistent good results of stent-graft latest generation.
J Cardiovasc Surg. 2012;53(5):579–94.
224 Gen Thorac Cardiovasc Surg (2017) 65:219–224
123
Author's personal copy
